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Abstract

Zinc finger and BTB domain-containing protein 20 (ZBTB20) play an important role in glucose and lipid homeostasis.
ZBTB20 was shown to be a crucial protein for the maintenance of cardiac contractile function. However, the role of ZBTB20
in cardiac response remodeling has not been elucidated. Thus, this study aimed to explore the role of ZBTB20 in cardiac
remodeling following angiotensin II insult. Mice were subjected to angiotensin II infusion to induce a cardiac adverse
remodeling model. An adeno-associated virus (AAV) 9 system was used to deliver ZBTB20 to the mouse heart. Here, we
demonstrate that ZBTB20 expression is elevated in angiotensin II-induced cardiac remodeling and in response to cardiomyo-
cyte insults. Furthermore, AAV9-mediated overexpression of ZBTB20 caused cardiac wall hypertrophy, chamber dilation,
increased fibrosis, and reduced ejection fraction. Additionally, ZBTB20 siRNA protected cardiomyocytes from angiotensin
II-induced hypertrophy. Mechanistically, ZBTB20 interferes with EGFR and Akt signaling and modulates the remodeling
response. Overexpression of constitutively active Akt counteracts ZBTB20 knockdown-mediated protection of adverse car-
diac remodeling. These findings illustrate the role of ZBTB20 in the transition of adverse cardiac remodeling toward heart

failure and provide evidence for the molecular programs inducing adverse cardiac remodeling.

Key messages

e ZBTB20 is a transcription factor from the POK family.

e ZBTB20 is upregulated in heart tissue treated with angio-
tensin II.

e ZBTB20 influences cardiomyocyte hypertrophy via the
EGFR-Akt pathway.

e Akt continuous activation leads to similar results to
ZBTB20 overexpression.

Keywords ZBTB20 - Adverse cardiac remodeling -
Angiotensin IT - EGFR - Akt

Introduction

Cardiac remodeling plays a vital role in the cardiovascu-

lar disease process of heart failure. Initially, remodeling
alterations help compensate for cardiac performance;
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however, over time, these compensatory mechanisms often
lead to pump failure [1]. Pressure overload, myocarditis,
myocardial ischemia and infarction, and hypertension can
lead to adverse remodeling. Neurohumoral activation is
the most common mechanism for initiating and acceler-
ating adverse remodeling progress in these diseases [2].
Excessive circulating and tissue angiotensin II (AnglI) as
well as increased aldosterone levels lead to a profibrotic,
proinflammatory, and prohypertrophic milieu that causes
remodeling and dysfunction of cardiovascular tissues
[2]. Thus, the administration of angiotensin-converting
enzyme inhibitors (ACEIs) and AngllI type 1 receptor
blockers (ARBs) represents one of the main strategies in
heart failure treatment [3]. However, the mechanism that
bypasses these therapeutic blockades and reduces their
efficacy is poorly understood [2]. Thus, it is necessary
to improve our understanding of this system and more
adeptly modulate it to improve clinical outcomes.

AnglI binds to AnglI type 1 receptor (AT1R), leading
to both prohypertrophic and profibrotic effects by transac-
tivating EGFR in the heart [4]. Following AnglI-induced
activation, AT1R was shown to mediate EGFR phospho-
rylation and to activate ERK and Akt. Studies have shown
that EGFR inhibition can impair diverse factors capable of
inducing adverse cardiac remodeling [5-7]. Angll-induced
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cardiac fibroblast activation is also mediated by EGFR acti-
vation [8]. Thus, targeting Angll-induced EGFR signaling
may represent a promising method to treat both cardiac
hypertrophy and fibrosis during the adverse remodeling
process.

Zinc finger and BTB domain-containing protein 20
(ZBTB20) is a member of the POK family, which contains
a conserved C,H, Kriippel-type zinc finger and BTB/POZ
domains [9]. It regulates many physiological functions by
acting as a transcriptional repressor for lipid and glucose
homeostasis [10], neurodevelopment [9], immune response
[11], and cancer development [12]. Recently, Zhang et al.
[13] reported that ZBTB20 was involved in hepatocyte
proliferation, which indicated its involvement in survival
and proliferation. Ren et al. [14] reported that ZBTB20
deficiency leads to a reduction in heart size and hypoten-
sion. This suggests that ZBTB20 plays a role in maintaining
normal function and may participate in the progression of
cardiovascular disease. Angll, as one of the most proremod-
eling neurohumoral factors, was proven to induce cardiac
hypertrophy, cardiac fibrosis, and inflammation as well as
vascular dysfunction. Thus, in this study, we used Angll
infusion to establish a cardiac remodeling model [15-17].
In this study, we aimed to elucidate the functional role of
ZBTB20 in adverse cardiac remodeling induced by AngII.

Methods
Animals

The Institute of Laboratory Animal Science, Chinese Acad-
emy of Medical Sciences (Beijing, China), supplied adult
male C57BL/6 mice (8—-10 weeks old). The Guide for the
Care and Use of Laboratory Animals published by the US
National Institutes of Health was applied to all animal pro-
cedures in our experiment, and approval from the Institu-
tional Animal Care and Use Committee at Xuzhou Medical
University (Xuzhou, China) was also acquired. Mice were
divided into four groups: AAV9-negative control (NC) + nor-
mal saline (NS) group (n=15), AAV9-ZBTB20 + NS
group (n=15), AAV9-NC + AnglI group (n=15), and
AAV9-ZBTB20 + AnglI group (n=15). Mice were sub-
jected to AAV9-ZBTB20 or AAV9-NC injection 2 weeks
before Angll infusion. To knock down ZBTB20, mice were
injected with AAV9-shZBTB20 2 weeks before Angll infu-
sion. To constitutively activate (ca.) Akt, mice were injected
with adenovirus (Ad)-ca. Akt. In the mechanism-exploring
experiment, mice were divided into three groups: AAV9-
NC-AnglI group (n=15), AAV9-shZBTB20-AnglI group
(n=15), and AAV9-shZBTB20+ AnglI+ Ad-ca. Akt group
(n=15).
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Animal model

The mouse cardiac remodeling model was induced using
1.4 mg/kg Angll per day dissolved in 0.9% NaCl infused
subcutaneously for 4 weeks using an osmotic minipump
(Alzet model 2004, Alza Corp., Mountain View, CA,
USA). Saline-infused animals served as infusion controls
and were subjected to the same procedures as the experi-
mental animals, except the AnglI infusion.

Recombinant adeno-associated virus 9 construction

_. The sequences of ZBTB20 shRNA oligos
and negative controls (NC) are as follows: ZBTB20 (5'-
CUAUGCGAUUACGACUAAGU-3") and NC (5'-UUA
GCAGUAUGGCAUACUAG-3"). The ZBTB20 mouse
gene was cloned into the p-ENTER vector using the AsiS
I and Mlu I restriction sites. The p-ENTER plasmid con-
taining the desired gene and the AAV vector pAV-C-GFP
were cotransfected into 293 cells to obtain the pAAV-MCS
plasmid. Next, the recombinant plasmid pAAV-MCS was
transfected into AAV-293 cells. Three days after transfec-
tion, AAV9 vector-producing 293 T cells were harvested
for vector purification. Real-time PCR was performed to
quantify the AAV viral particles. Adenovirus vectors car-
rying constitutively active AKT1 (Ad-ca. Akt) and GFP
(Ad-GFP) were generated by Hanbio Biotechnology Co.
(Shanghai, China).

Viral delivery protocol

or Ad-ca.
Akt (1x 10 viral genome particles) 2 weeks before surgery.
For surgery preparation, 3% pentobarbital sodium (80 mg/
kg, intraperitoneal) was administered for anesthetization,
and a rodent ventilator was used to maintain artificial res-
piration. The left pleural cavity was opened between the
left third and fourth ribs and the pericardium. A 29-gauge
syringe was used for injection through the apical, anterior,
and lateral walls of the left ventricle (10 pl for each site).
Following the procedure, the chest was closed, and mice
were administered 0.5% bupivacaine for pain relief.

Echocardiographic and hemodynamic evaluation

Transthoracic echocardiography and hemodynamic analyses
were used as previously described [18]. Isoflurane at 1.5% was
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used to anesthetize the mice. Echocardiography was performed
using a 10-MHz linear-array ultrasound transducer. A microtip
catheter transducer was used for hemodynamic measurements.
Signals were recorded using a Millar pressure—volume system.

Cardiac morphology and histomorphometric
analysis

Cardiac morphology and histomorphometric analysis were
performed as previously described [18]. Hematoxylin and
eosin (H&E) staining was used to measure the cell surface
area of more than 200 cells in each group. Picrosirius red
(PSR) staining was performed to measure the LV colla-
gen volume with more than 10 fields for each heart. The
cross-sectional area (CSA) of the cells was analyzed using
a quantitative digital imaging system based on Image-Pro
Plus 6.0. Heart sections were also incubated with anti-
CD68 (ABclonal, A6554) and anti-4-hydroxynonenal
(4-HNE) (Abcam, ab-46545) for immunohistochemistry
staining with a DAB detection kit.

Quantitative polymerase chain reaction

Total RNA was extracted from frozen mouse cardiac tis-
sue or cardiomyocytes using TRIzol (15,596-026; Invitro-
gen, Carlsbad, CA, USA). RNA (2 pg from each sample)
was reverse transcribed into cDNA using oligo (DT) prim-
ers and a Transcriptor First Strand cDNA Synthesis Kit
(04,896,866,001; Roche). PCR amplifications in all groups
were quantified using LightCycler 480 SYBR Green 1 Mas-
ter Mix (04,707,516,001; Roche), and the results were nor-
malized against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene expression. The primers used are listed in
Table 1.

Western blotting

Ice-cold radioimmunoprecipitation assay buffer (contain-
ing 50 mM Tris—HCI, 150 mM NacCl, 1% Triton X-100, 1%
sodium deoxycholate, and 0.1% SDS) was used to extract
proteins from cardiomyocytes and heart tissue. Next, the
proteins were separated using 10% SDS-PAGE (50 pg per
sample). After being transferred onto Immobilon membranes
(Millipore, Billerica, MA, USA), proteins were incubated
with primary antibodies overnight at 4 °C. The follow-
ing primary antibodies were used: ZBTB20 (#ab243143,
1:1000 dilution) was purchased from Abcam (Cambridge,
MA, USA); total (T)-Akt (#4691), phospho (P)-Akt (#4060),
T-mTOR (Thr845) (#2983), P-mTOR (#2971), and GAPDH
(#2118) were purchased from Cell Signaling Technol-
ogy (Danvers, MA, USA) (1:1000 dilution); and P-EGFR
(Tyr1173) (sc12351, diluted) and EGFR (sc31155, 1:200
diluted) were purchased from Santa Cruz Biotech (Santa
Cruz, CA, USA). The blots were developed with enhanced
chemiluminescence (ECL) reagents (Bio-Rad, Hercules, CA,
USA) and captured using a ChemiDoc MP Imaging System
(Bio-Rad). GAPDH was used as a loading control.

Cardiomyocyte culture

Neonatal rat cardiomyocytes (NRCMs) were cultured
as described previously [18]. Briefly, 1- to 2-day-old
Sprague—Dawley rats were sacrificed by cervical disloca-
tion. Hearts were quickly removed, and the ventricles were
washed with PBS three times and incubated with 0.125%
trypsin—EDTA (Gibco, 2520-072, Grand Island, NY, USA)
for 15 min. Ventricles were then enzymatically digested four
times for 15 min in 0.125% trypsin—-EDTA in PBS. Diges-
tion was stopped by adding FBS at a final concentration of

Table 1 Primer sequences used

mRNA Forward Reverse

for gPCR
ANP? ACCTGCTAGACCACCTGGAG CCTTGGCTGTTATCTTCGGTACCGG
BNP? GAGGTCACTCCTATCCTCTGG GCCATTTCCTCCGACTTTTCTC
B-MHC* CCGAGTCCCAGGTCAACAA CTTCACGGGCACCCTTGGA
CollagenI* AGGCTTCAGTGGTTTGGATG CACCAACAGCACCATCGTTA
CollagenlIII?* AAGGCTGCAAGATGGATGCT GTGCTTACGTGGGACAGTCA
a-SMA? TTTCATTGGGATGGAGTCAGCG GACAGGACGTTGTTAGCATAGAGA
TNF-o* CATCTTCTCAAAATTCGAGTGACAA TGGGAGTAGACAAGGTACAACCC
IL-1? CCGTGGACCTTCCAGGATGA GGGAACGTCACACACCAGCA
IL-6* AGTTGCCTTCTTGGGACTGA TCCACGATTTCCCAGAGAAC
GAPDH? ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA
ANP? AAAGCAAACTGAGGGCTCTGCTCG TTCGGTACCGGAAGCTGTTGCA
p-MHC® TCTGGACAGCTCCCCATTCT CAAGGCTAACCTGGAGAAGATG
GAPDH® GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT

Sequences are listed 5’3’

*Mouse heart

PRat cardiomyocytes
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10%. Next, the cells were centrifuged at 250 X g for 8 min
and resuspended in DMEM/F12 (Gibco, C11330) supple-
mented with 10% FBS. The resuspended cells were incu-
bated for 1-2 h in a 100-mm dish to allow noncardiomyo-
cytes (mainly cardiac fibroblasts) to adhere to the plastic.
Next, the cells were seeded into six-well plates at a density
of 5x 103 cells per well with 1% bromodeoxyuridine for
48 h. Cells were transfected with Ad-ZBTB20 (MOI=50)
or ZBTB20 siRNA for 8 h to overexpress or knock down
ZBTB20, respectively [19]. NRCMs were pretreated with
10 pM erlotinib (an EGFR inhibitor) for 30 min and then
treated with Angll for 48 h. Cells were infected with Akt
siRNA for 8 h to knockdown Akt.

Luciferase reporter assay

The luciferase reporter plasmids for the rat Egfr promoter
(~3.7 kb) were cloned from rat genomic DNA using PCR
and inserted into the pGL4.1 vector (Promega, Madison,
WA, USA). Primary NRCMs were transfected with plas-
mids as well as Ad-ZBTB20 (Ad-NC as control) or ZBTB20
siRNA (ScRNA as control) using Lipofectamine 3000 (Inv-
itrogen). After 48 h of transfection, cells were harvested and
disrupted, and the luciferase activity was analyzed using the
dual luciferase assay kit (Promega) and normalized against
the activity of Renilla luciferase.
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Fig.1 Expression level of ZBTB20 in Angll-insulted hearts. a
Mouse heart ZBTB20 protein levels in each group (n=6). b ZBTB20
protein levels in cardiomyocytes isolated from mouse hearts 4 weeks
after Angll infusion (n=6). ¢ ZBTB20 protein levels in fibroblasts
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Statistical analysis

All data are expressed as the mean + SD. Differences between
groups were measured using two-way analysis of variance
followed by Tukey’s post hoc test. Comparisons between
two groups were analyzed using an unpaired Student’s #-test.
P-values < 0.05 were considered statistically significant.

Results
Expression level of ZBTB20 in Angll-insulted hearts

To evaluate the association between ZBTB20 and cardiac
remodeling, we established an Angll infusion-induced adverse
cardiac remodeling mouse model. Furthermore, we detected
the expression level of ZBTB20 in heart tissue. ZBTB20 pro-
tein levels were upregulated at 4 weeks following Angll infu-
sion compared with those in control mouse hearts (Fig. 1a).
Next, we isolated different cells from the hearts of mice that
had undergone 4 weeks of Angll infusion to elucidate the role
of ZBTB20. We found that in cardiomyocytes isolated from
hearts treated with AngllI for 4 weeks, the ZBTB20 protein
level increased markedly (Fig. 1b). However, the expression of
ZBTB20 did not change in fibroblasts or endothelial cells iso-
lated from hearts treated with Angll for 4 weeks (Fig. 1c, d).
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isolated from mouse hearts 4 weeks after Angll infusion (n=6).
d ZBTB20 protein levels in endothelial cells isolated from mouse
hearts 4 weeks after Angll infusion (n=6). NS normal saline.
*P <0.05. Unpaired Student’s #-tests were used in Fig. la—d
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These data suggest that ZBTB20 may play a role in adverse
cardiac remodeling in response to Angll, and this effect may
mainly be exhibited in cardiomyocytes.

We used an AAVO delivery system to overexpress ZBTB20
in mouse hearts to evaluate the role of this protein in cardiac
remodeling. The protein level of ZBTB20 was increased in
both the ZBTB20-NS group and the ZBTB20-AnglI group,
and the level of ZBTB20 was higher in the ZBTB20-AnglI
group than in the NC-AnglI group (Fig. 2a). Four weeks
after Angll infusion, the heart and lung weights were
higher in the ZBTB20 group than in the NC mouse group,
indicative of cardiac hypertrophy and pulmonary edema in
the ZBTB20 group. However, the heart and lung weights
were not different in the ZBTB20 group injected with NS
(Fig. 2b). Following 4 weeks of Angll infusion, H&E stain-
ing revealed dilation of the left ventricular (LV) wall and
increased cardiomyocyte hypertrophy in the ZBTB20 group
compared with the NC group (Fig. 2¢). Furthermore, after
4 weeks of Angll treatment, adverse remodeling molecular

Ang 1l

markers, including atrial natriuretic peptide (Anp), brain
natriuretic peptide (Bnp), and myosin heavy chain beta
(B-Mhc), showed increased transcription in the ZBTB20
group compared with the NC group (Fig. 2d). Following
PSR staining, more severe perivascular and interstitial fibro-
sis was observed, with a higher LV collagen volume in the
ZBTB20 group than in the NC group after AnglI infusion
(Fig. 2e). Fibrosis molecular markers, including collagen I,
collagen III, and smooth muscle actin o (a-SMA), showed
increased transcription in the ZBTB20 group. These data
indicate that ZBTB20 promotes the progression of adverse
cardiac remodeling toward heart failure.

ZBTB20 overexpression in the heart reduced cardiac
function

Cardiac dysfunction is a main symptom of heart failure.
Cardiac function was evaluated via echocardiography and
a pressure—volume loop. Four weeks after Angll infusion,
the LV end diastolic diameter (LVEDd) and LV end systolic
diameter (LVESd) were increased in the ZBTB20 group,
while the LV ejection fraction (EF) and fractional short-
ening (FS) were reduced compared with those in the NC
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Fig.2 ZBTB20 overexpression in hearts aggravates adverse cardiac
remodeling. a ZBTB20 protein levels in mouse hearts after injec-
tion of AAV9-ZBTB20 in the indicated group (n=6). b Heart weight
(HW)/body weight (BW), heart weight (HW)/tibia length (TL), lung
weight (LW)/body weight (BW), and LW/TL (n=12) in mice sub-

jected to Angll infusion. ¢ H&E staining in each group (n=6). d
Transcription levels of the fetal genes (n=6). e PSR staining in each
group (n=6). f Transcription levels of the fibrosis genes (n=06).
*P <0.05. NC negative control, NS normal saline. Two-way analysis
of variance followed by Tukey’s post hoc test is shown in Fig. 2a—f
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group (Fig. 3a—c). The LV end systolic pressure (ESP) and
end diastolic pressure (ESP) were also sharply increased in
the ZBTB20 group treated with AnglIl compared with the
NC group treated with AngllI (Fig. 3d). In contrast, the LV
maximum rate of pressure rise and fall (dp/dt max, dp/dt
min) was decreased in the ZBTB20 group compared with the
NC group (Fig. 3e). We also detected cardiac inflammation
and oxidative stress. As shown in Fig. S1, Angll increased
CD68-labeled macrophage infiltration and enhanced the
mRNA levels of TNF-a and IL-1 in mouse hearts. While
ZBTB20 did not significantly reduce the CD68-labeled
macrophage number or the TNF-a and IL-1 mRNA lev-
els (Fig. Sla, b), ZBTB20 reduced the IL-6 level in mouse
hearts after AnglIl infusion (Fig. S1c). We also detected
the reactive oxygen species (ROS) level in mouse hearts
by 4-HNE staining. AnglI increased the lipid peroxidation
intermediate metabolite 4-HNE, but ZBTB20 did not reduce
the 4-HNE level under Angll insult (Fig. S1d).

ZBTB20 affects the hypertrophic response
of cardiomyocytes to Angll

Alterations in ZBTB20 expression following AngllI insult
were mainly observed in cardiomyocytes. We used NRCM to
investigate the role of ZBTB20 in cardiomyocytes. NRCMs
were transfected with Ad-ZBTB20 to overexpress ZBTB20
or transfected with ZBTB20 siRNA to silence this protein.
The efficiency of these interventions was verified by western
blotting (Fig. 4a, b). a-Actin staining results revealed that in
cells transfected with ZBTB20, the hypertrophic response
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was more aggressive than that in cells transfected with the
negative control. Furthermore, cells in the ZBTB20 group
showed a larger cell surface area and higher transcription of
Anp and p-Mhc (Fig. 4c, d). However, in cells transfected
with ZBTB20 siRNA, the hypertrophic response was lower
than that observed in the cells transfected with scRNA.
Moreover, the cells in the ZBTB20 siRNA group showed
a smaller surface area and lower transcription of Anp and
B-Mhc (Fig. 4e, f).

ZBTB20 activates EGFR and Akt signaling

A previous study showed that ZBTB20 affects EGFR signaling
[13]. In this study, we determined whether ZBTB20 plays a
role in adverse cardiac remodeling through EGFR. Increased
Akt phosphorylation was observed in ZBTB20-overexpressing
mouse hearts compared with control mouse hearts after the
tissues were treated with Angll (Fig. 5a). Furthermore, the
downstream protein mammalian target of rapamycin (mTOR)
was more phosphorylated in ZBTB20-overexpressing mouse
hearts than in control mouse hearts (Fig. 5a). The phosphoryla-
tion level of EGFR, upstream of Akt, was also increased in
ZBTB20-overexpressing mouse hearts following AnglI infu-
sion compared with control mouse hearts following AnglII
infusion (Fig. 5b). Since ZBTB20 is a transcription factor,
we next evaluated the mRNA level of EGFR. As shown in
Fig. 5c, the mRNA level of EGFR was noticeably increased in
ZBTB20-overexpressing mouse hearts following Angll infu-
sion (Fig. 5b). Furthermore, a luciferase reporter assay showed
that ZBTB20 overexpression dramatically increased the
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Fig.3 ZBTB20 overexpression in hearts reduced cardiac function.
Representative echocardiography (a) and echocardiography data (b,
¢) of mice subjected to AngllI infusion (n=10). LVEDd left ventricu-
lar end diastolic diameter, LVESd left ventricular end systolic diam-
eter, LVEF left ventricular ejection fraction, LVFS left ventricular
fractional shortening. e Pressure loop parameters in mice subjected
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to Angll infusion (n=10). ESP LV end systolic pressure, EDP end-
diastolic pressure, dp/dt max LV maximum rate of pressure rise, dp/
dt min LV maximum rate of pressure fall. NC negative control, NS
normal saline. *P <0.05. Two-way analysis of variance followed by
Tukey’s post hoc test is shown in Fig. 3b—e
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Fig.4 ZBTB20 affects the hypertrophic response of cardiomyocytes
to Angll. a ZBTB20 protein levels in cardiomyocytes transfected
with Ad-ZBTB20. b ZBTB20 protein levels in NRCMs transfected
with ZBTB20 siRNA. ¢ a-Actin staining of cells transfected with Ad-
ZBTB20 and treated with Angll. d Transcription levels of these fetal
genes in cardiomyocytes transfected with Ad-ZBTB20. e a-Actin

transcriptional activity of the EGFR promoter, while ZBTB20
silencing reduced the transcriptional activity of this promoter
under both normal conditions and AnglI insult (Fig. 5d, e).

EGFR inhibitor and Akt silencing rescues
the deteriorating effects of ZBTB20 in vitro

To investigate the role of the EGFR-Akt pathway in car-
diac remodeling, NRCMs were pretreated with erlotinib,
an EGFR inhibitor. NRCMs were also infected with Akt
siRNA to silence Akt (Fig. 6a). As a result, both EGFR
inhibition and Akt siRNA could counteract the aggressive
effect of Ad-ZBTB20 in NRCMs following AnglI-induced
insult (Fig. 6b, c). The cell surface area and mRNA lev-
els of Anp and B-Mhc were reduced in the erlotinib and
Ad-ZBTB20 + Akt siRNA groups compared with the Ad-
ZBTB20 group (Fig. 6b, c).

staining of cells transfected with ZBTB20 siRNA and treated with
Angll. f Transcription levels of the fetal genes in cardiomyocytes
transfected with ZBTB20 siRNA. Each in vitro experiment was per-
formed in triplicate. NC negative control. *P <0.05. Unpaired Stu-
dent’s t-tests are shown in Fig. 4a, b. Two-way analysis of variance
followed by Tukey’s post hoc test is shown in Fig. 4c—f

Continuous activation of Akt counteracts
the protective effects of ZBTB20 knockdown in vivo

We hypothesized that ZBTB20 knockdown would hamper
the progression of adverse cardiac remodeling. Mice were
injected with AAV9-shZBTB20 to knockdown ZBTB20 in
mouse hearts (Fig. 7a, b) and Ad-ca. Akt to achieve constant
Akt activity in mouse hearts (Fig. 7a, b). Four weeks after
AnglI infusion, the heart and lung weights were reduced
in the shZBTB20 group compared with the NC group
(Fig. 7¢). Furthermore, ZBTB20 knockdown hampered
the hypertrophic response and fibrosis levels (Fig. 7d, e).
Finally, cardiac dysfunction improved in the shZBTB20
group compared with the NC group (Fig. 7f, g). In contrast,
continuous Akt activation blocked the protective effects of
ZBTB20 knockdown. The hypertrophic response, fibrosis
levels, and cardiac function deteriorated when mice were
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Fig.5 ZBTB20 activates EGFR and Akt signaling. a Protein levels
of phosphorylated (P-) and total (T-) Akt as well as mTOR protein
levels in mouse hearts following AAV9-ZBTB20 and Angll infusion
(n=6). b Protein levels of P- and T-EGFR (n=6) in mouse hearts.
¢ Transcription levels of EGFR in mouse hearts (n=6). Luciferase

subjected to both continuous Akt activation and ZBTB20
knockdown (Fig. 7c—g). Therefore, these findings indicate
that the EGFR-Akt pathway is the target of ZBTB20 in the
process of cardiac remodeling.

Discussion

ZBTB20 is a member of the BTB/POZ family of transcription
factors and functions as a transcriptional repressor while also
being involved in numerous diseases, such as brain injury, can-
cer development, and hepatic lipogenesis [9]. Here, we report
that ZBTB20 is highly expressed in heart tissue and is upregu-
lated during the development of adverse cardiac remodeling
following heart failure. Second, ZBTB20 exerted deleterious
effects during the process of adverse cardiac remodeling, as
ZBTB20 overexpression accelerated cardiac hypertrophy,
fibrosis, and dysfunction in response to AngII. Third, ZBTB20
regulated the transcription of EGFR and activated the Akt
pathway, thus promoting a hypertrophic response. Further-
more, we observed that ZBTB20 knockdown could hamper

@ Springer

activity of EGFR in cardiomyocytes transfected with Ad-ZBTB20 (d)
or ZBTB20 siRNA (e). *P<0.05. NC negative control, NS normal
saline. Two-way analysis of variance followed by Tukey’s post hoc
test is shown in Fig. Sa—e

the process of adverse cardiac remodeling. Thus, ZBTB20 may
represent a promising therapeutic target for the inhibition of
adverse cardiac remodeling following heart failure.

We have shown that ZBTB20 is expressed in the mouse
heart and upregulated following AngllI insults. ZBTB20
was expressed in cardiomyocytes, fibroblasts, and endothe-
lial cells in heart tissue. However, after Angll treatment,
ZBTB20 was mainly upregulated in cardiomyocytes. Using
an in vitro setup, we showed that ZBTB20 overexpres-
sion accelerated Angll-induced cardiomyocyte hypertro-
phy and the expression of fetal genes (Anp and f-Mhc).
However, ZBTB20 silencing in cardiomyocytes inhibited
these hypertrophic responses to Angll. These results sug-
gest that ZBTB20 may represent a prohypertrophic factor
that regulates cardiomyocytes in the heart. Although patho-
logical hypertrophy is initially induced as a compensatory
response characterized by concentric growth of the ventricle,
this type of hypertrophy progresses to ventricular chamber
dilatation with wall thinning through lengthening of indi-
vidual cardiomyocytes, contractile dysfunction, and heart
failure [20, 21]. Previously, other Kriippel-like zinc-finger
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Fig.6 EGFR inhibitor and Akt silencing rescue the deteriorating
effects of ZBTB20 in vitro. a Protein levels of P-Akt in NRCMs
transfected with Akt siRNA. b a-Actin staining of NRCMs trans-
fected with Ad-ZBTB20 or Akt siRNA or pretreated with erlotinib.

transcription factors have been reported to be associated
with Angll-induced cardiac remodeling. BTEB2 was found
to be a target of Angll signaling and promoted cardiovascu-
lar remodeling [22]. Zinc-finger protein 418 was also found
to protect against cardiac hypertrophy and fibrosis [23]. In
our previous study, ZBTB20 was shown to protect against
adverse cardiac remodeling after myocardial infarction by
regulating the oxidative stress-tumor necrosis factor o path-
way [24]. Recently, Ren reported that ZBTB20 deficiency
led to a marked reduction in heart size, left ventricular wall
thickness, and cardiomyocyte size [14]. This information
suggests that ZBTB20 is an important regulator of car-
diac growth and hypertrophy. In our study, we showed that
ZBTB20 overexpression during the progression of adverse
cardiac remodeling led to a marked increase in heart size,
left ventricular wall thickness, dilation, and cardiac dysfunc-
tion. These findings are consistent with those of An-Jing

¢ Transcription levels of the fetal genes in NRCMs. Each in vitro
experiment was performed in triplicate. ¥*P <0.05. Unpaired Student’s
t-tests were used in Fig. 6a. One-way analysis of variance followed by
Tukey’s post hoc test is shown in Fig. 6b, ¢

Ren’s study, supporting the role of ZBTB20 in cardiac
growth. We hypothesize that a high level of ZBTB20 helps
the heart undergo pathological growth and leads to hypertro-
phy. We also detected inflammation and lipid peroxidation
in our model and found that ZBTB20 did not significantly
influence inflammation and lipid peroxidation during AngII
insult, which is quite different from our previous study in
a myocardial infarction mouse model [24]. This paradox
between the present study and our previous study may be
accounted for by the difference between the etiologies of
cardiac remodeling. Inflammation and oxidative stress are
the initial causes that contribute to cardiac remodeling dur-
ing myocardial ischemic injury, while in the AnglI-induced
cardiac remodeling process, hypertrophic signaling is one
of the initial causes of cardiac remodeling.

EGFR, also known as ErbB1, is a receptor tyrosine kinase
that belongs to the ErbB family [25]. When its ligands, EGF
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Fig.7 Continuous activation of Akt counteracts the protective effects
of ZBTB20 knockdown in vivo. a and b ZBTB20 and P-Akt protein
levels in mouse hearts following injection with AAV9-shZBTB20
and/or Ad-ca. Akt (n=6). ¢ Heart weight (HW)/body weight (BW),
heart weight (HW)/tibia length (TL), lung weight (LW)/body weight
(BW), and LW/TL (n=10) in mice subjected to AnglI infusion. d
Cell cross-sectional area and LV collagen volume in mouse hearts in

and heparin, bind to a receptor, phosphorylation occurs,
which allows EGFR to recruit adapter signaling molecules
such as Akt and ERK [26]. In 2016, Peng et al. [27] dis-
covered the role of EGFR in Angll-induced cardiac hyper-
trophy. Smith et al. [28] also highlighted the importance
of EGFR transactivation in AngII-AT1R-mediated cardio-
myocyte hypertrophy. Thus, blocking EGFR is a promising
method to treat cardiac hypertrophy [5, 29]. In our study,
both total-Akt and EGFR were upregulated in ZBTB20-
overexpressing mouse hearts when exposed to AnglI.
Furthermore, we observed that ZBTB20 increased EGFR
transcriptional activity and consequently led to increased
EGFR phosphorylation. These results demonstrated fur-
ther activation of the downstream target Akt, indicating
that ZBTB20 regulates adverse cardiac remodeling via the
EGFR pathway. Sustained activation of Akt was observed in
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o

each group (n=6). e H&E staining in each group (n=6). f Echocardi-
ography data (n=10). g Pressure loop parameters (n=10). *P <0.05.
NC negative control, Ad-ca. Akt adenovirus vectors carrying consti-
tutively active AKT1. Unpaired Student’s #-tests were used in Fig. 7b.
One-way analysis of variance followed by Tukey’s post hoc test is
shown in Fig. 7c—g

ZBTB20-overexpressing mouse hearts under Angll insult.
Continuous activation of Akt was shown to lead to patho-
logical cardiac hypertrophy [30]. Thus, the ZBTB20-EGFR-
Akt pathway explains the pro-adverse remodeling effect of
ZBTB20. The hypothesis that knockdown of ZBTB20 would
inhibit the cardiac remodeling process in response to Angll
was confirmed in our rescue experiment. However, when we
continuously activated Akt, this protective effect of ZBTB20
knockdown was abolished.

This study illustrated the essential role of ZBTB20 in
adverse cardiac remodeling and that this effect of ZBTB20
was mediated by regulating the EGFR-Akt pathway.
When ZBTB20 was knocked down, adverse remodeling in
response to Angll was hampered. Thus, ZBTB20 may rep-
resent a promising therapeutic target for new heart failure
treatment strategies.
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